Background {#Sec1}
==========

Malignant melanoma (MM) is a refractory malignant tumour. In 2015, approximately 351,880 new cases of MM were diagnosed worldwide \[[@CR1]\]. MM is very aggressive and can metastasise in an early phase of the disease. MM generally presents as a primary neoplasm of the skin but may also arise in other organs and tissues, such as the respiratory tract, oral cavity, liver, ovaries, oesophagus, larynx, cervix, vagina and gallbladder. Most MM cases of the respiratory system are metastatic at the time of diagnosis, and primary malignant melanoma of the lung (PMML) is quite rare, accounting for only 0.01% of all primary lung tumours and 0.4% of all MMs \[[@CR2]\]. In this article, we report the case of a 57-year-old PMML patient with a small solid nodule of the lung on initial computed tomography (CT), which was later confirmed as PMML by postoperative pathology. In addition, we discuss the clinicopathological features of PMML by reviewing the relevant literature.

Case presentation {#Sec2}
=================

A 57-year-old man presented to Jinhua Central Hospital affiliated with Zhejiang University (Jinhua, China) with a complaint of frequent cough with bloody sputum for 4 days. He denied any history of skin, mucous membrane or eye surgeries; electric cauterisation; or any family history of cancer. Physical examination at the outpatient clinic revealed diminished breath sounds over the lower lobe of the right lung, and no abnormal lesions were detected in other sites of the body, including the skin, head, neck, scalp, anogenital region and eyes. Chest radiography showed a high-density shadow. Subsequent CT plain and contrast-enhanced scan showed a space-occupying lesion in the lower lobe of the right lung adjacent to the pleura with a clear boundary. A right lower lobectomy for the space-occupying lesion was performed and further diagnosed by pathological examination. Before the excision, whole body positron emission tomography--CT (PET-CT) was performed, showing a malignant space-occupying lesion in the lower lobe of the right lung with liver metastasis (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1PET-CT revealed a malignant space-occupying lesion in the lower lobe of the right lung. CT, computed tomography; PET, positron emission tomography

Grossly, a solitary mass measuring 3.5 cm × 3.0 cm × 3.0 cm was located in the lower lobe of the right lung, appearing as a round, darkly pigmented, solid neoplasm with significant necrosis. Hematoxylin and eosin staining demonstrated that the tumour was located in the lung tissue, comprising malignant epithelial tumour cells with large amounts of acidophilic cytoplasm and prominent nuclei. Melanin pigmentation could also sometimes be noticed, and there were junctional changes with characteristic tumour cells invading the bronchial subepithelial area from the basement membrane. All of these findings were suggestive of MM (Fig. [2](#Fig2){ref-type="fig"}). Immunohistochemical staining demonstrated that the cytoplasm of the malignant cells was positive for human melanoma black 45 (HMB-45), Melan-A, and S-100 and negative for cytokeratin (CK), CK7, Napsin A, transcription termination factor 1 (TTF1), P40 and P63, confirming the diagnosis of MM (Fig. [3](#Fig3){ref-type="fig"}). Fig. 2Hematoxylin and eosin staining. **a** The tumour comprised malignant tumour cells with large amounts of acidophilic cytoplasm. Melanin pigmentation could also sometimes be noticed. **b** Tumour cells invaded the bronchial subepithelial area from the basement membrane Fig. 3Immunohistochemical staining (400×). The cytoplasm of the malignant cells stained negative for CK (**a**) and strongly positive with antibodies against HMB-45 (**b**), S-100 (**c**), and Melan-A (**d**)

Based on the clinical characteristics, CT and PET-CT findings and pathological evaluation, a final diagnosis of PMML was made. After surgery, the patient received one cycle of chemotherapy. However, as his general condition was very poor, the patient died of pulmonary infection 27 days later.

Discussion and conclusions {#Sec3}
==========================

PMML is extremely rare but characterised by high malignancy, a high recurrence rate and poor prognosis. Only about 47 cases have been reported in the literature \[[@CR3], [@CR4]\]. The pathogenesis of PMML remains controversial. There are several theories to explain its occurrence \[[@CR5]--[@CR7]\]: (1) melanocytes exist in the whole body as cells of a dispersed neuroendocrine system; (2) melanocytes migrate to the respiratory tract during embryogenesis, where they transform into malignant cancer cells; (3) melanocytes may derive from melanoblasts and produce PMML because they have the same origin as other melanoblasts located in the trachea, oesophagus, and pharynx \[[@CR8]--[@CR10]\]; and (4) melanoma cells may originate from pluripotent stem cells. More research is required to clarify the pathogenesis of PMML.

The diagnosis criteria of PMML have been clearly defined by Jensen and Egedorf \[[@CR11]\], with only minor modifications, including the clinical characteristics, radiologic features, and pathological diagnosis \[[@CR12]\]. The prerequisite of the clinical characteristics includes no previously resected pigmented skin lesion, absence of any other detectable tumours at the time of diagnosis, no history of a melanoma in other organs at time of surgery, and solitary lung cancer. The prerequisite of the radiologic features includes an abnormal shadow on chest radiography and an irregular mass or node on CT. The prerequisite of pathological diagnosis includes tumour morphology comparable with that of MM, invasion of the bronchial epithelium by melanoma cells, junctional changes including 'dropping off' or 'nesting' beneath the bronchial epithelium, and melanoma often accompanied by complex morphological variations \[[@CR13]\], including (1) histological structural variations as typically represented by cell arrangement in a nest, aciniform, trabecular, mamillary, swirling, pseudorosettes, or glomeruli shape; (2)cytological variations as typically represented by the presence of giant, large-sized, medium-sized, small-sized, spindle, signet ring--like, rhabdomyoblast-like, plasmacytoid cells, or balloon-like cells; and (3) varying degrees of interstitial changes such as fibrogenesis, mucoid degeneration and inflammatory cell infiltration. The pathological diagnosis of melanoma is sometimes difficult because of these variations. Based on radiography, CT and PET-CT findings; clinical characteristics, and pathological diagnosis, the present case fulfilled the above-mentioned diagnostic criteria and was compatible with a diagnosis of PMML. In the present case, HMB-45 and Melan-A staining showed a diffuse strong positivity, which is valuable for the diagnosis of MM, considering that HMB-45 is a very specific marker of primary melanoma \[[@CR8], [@CR9], [@CR14]\] and Melan-A has high sensitivity and specificity for the diagnosis of MM. In addition, PET-CT results showed no evidence of malignancy in other sites, except for the liver and lung, and a complete examination of the skin and ocular tumours showed no melanocytic lesion. Thus, we diagnosed the lung tumour as PMML.

During the diagnosis, attention should be paid to distinguishing PMML from some similar tumours such as squamous cell carcinoma (SCC), pulmonary metastatic melanoma (PMM), and pigmented carcinoid tumour (PCT) \[[@CR15]--[@CR17]\]. The imaging features of primary MM are similar to those of SCC, especially when the degree of tumour differentiation is low. Histologically, it is difficult to distinguish PMML from lung SCC, and therefore, it is important to know that immunohistochemistry staining of SCC is usually positive for CKpan, P63 and P40 but negative for S-100, HMB-45 and Melan-A. PMM usually has multiple nodules or masses that can be detected in the lung, whereas primary melanoma often appears as a solitary nodule or mass, often involving the bronchial lumen. Although PCT and PMML have very similar morphology, PCT often presents argyrophilic or argentophil granules. In addition, immunohistochemistry staining often shows that PCT is positive for CK, CD56, synaptophysin, chromogranin-A and neuroendocrine granules can be observed under the electron microscope.

The clinical presentation of PMML varies with individual cases. Yamamoto et al. \[[@CR18]\] reported a case of PMML in a 61-year-old female patient who died of the disease 15 months after the operation. Yabuki et al. \[[@CR19]\] reported a similar case in a 74-year-old male patient with PMML, who died 7 months after right lower lobectomy. Most PMML patients have a very short survival time and die within months of diagnosis. However, Madeline et al. \[[@CR20]\] reported a case of PMML in a patient who remained disease-free 60 months after pneumonectomy. In addition, younger PMML survivors were rarely seen. Recently, Yunce et al. \[[@CR21]\] reported a resection in a 22-year-old Caucasian. In our case, the PMML patient was a 57-year-old who succumbed to the disease 1 month after operation. In all, most PMML patients were of older age with diverse clinical presentations, and the prognosis was usually poor.

In summary, PMML is extremely rare and easily misdiagnosed as lung cancer. Histopathological examination is a reliable gold standard for confirmation of a PMML diagnosis. Because of the morphological and immunophenotypic variations, the diagnosis of PMML remains difficult and should be distinguished from the diagnosis of other cancers. Immunohistochemistry staining is helpful for the differential diagnosis of PMML. Because of the lack of clinical data and clear understanding of the mechanisms underlying the pathogenesis of PMML, there are no consensus guidelines on the treatment of PMML. We hope that the case reported here will add more clinical data to the current information about PMML and help to provide more constructive suggestions about the treatment of PMML.
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